ABSTRACT
INTRODUCTION

39
Interspecific hybridisation is prevalent in plants (Stebbins, 1959; Stace, 1975; Arnold, 1992 ; 40 Rieseberg & Carney, 1998), and to a lesser, but not insignificant, degree in animals (Mallet, 2005) , 41 such that it appears that many species are able to co-exist with congeners, despite some level of 42 hybridisation. The origin and continued existence of a species in the face of gene flow from others 43 is particularly intriguing to students of evolutionary biology (Coyne & Orr, 2004; Lexer & Widmer, 44 2008; Wolf et al., 2010; Feder et al., 2012) . 45 Natural hybrid zones usually comprise two species that produce hybrid offspring with some 46 degree of fertility and fitness but do not become homogenised. Hybrid zones often span an 47 ecological gradient, which has led to the suggestion that selection is dependent on the 48 environment (Endler, 1977) , and indeed hybrids might be more fit than parental types in an 49 intermediate habitat (Moore, 1977) . In the majority of hybrid zones, however, a narrow region of 50 hybridisation and evidence for reduced fitness of hybrids suggests that these are 'tension zones'; 51 maintained by a balance between gene flow into the zone and selection against hybrids (Barton & 52 Hewitt, 1989). Although tension zones do not require any ecological gradient or barrier to be 53 stable, they may coincide with an ecological gradient because the movement of the tension zone 54 can be 'trapped' by an ecological gradient, resulting in a complex interplay of genetic (sub-)species 55 incompatibilities and ecological adaptations to distinct environments in the same hybrid zone 56 (Bierne et al., 2011) . Clearly, an understanding of the genomics of species that form hybrid zones 57 will reveal insights into the evolutionary interplay between speciation, reproductive isolation and 58 adaptation (Payseur, 2010) . 59 For species that arise without allopatric separation it is predicted that the early events in 60 speciation are restricted to small genomic regions (potentially even single genes) which diverge 61 due to selection (Wu, 2001; Nosil et al., 2009 ). For example if speciation was driven by ecology, 62 alleles at the 'speciation loci' will confer a selective advantage in the species' home environment 63 (Nosil, 2012) , and this could lead to the formation of an environmentally dependent hybrid zone. 64 Under this model, genetic divergence accumulates in these speciation loci because of reduced 65 effective gene flow, which also hampers gene flow at linked loci (a process often called 66 'divergence hitch-hiking', DH; Charlesworth et al., 1997; Via, 2012) . The speciation loci are 67 therefore predicted to be found in a region (or regions) of the genome characterised by an 68 increased divergence between species ('speciation island'; Turner et al., 2005) , but theory predicts 69 that such 'islands' should not be much larger than ~1cM (Feder & Nosil, 2010) . 70 Investigations of hybridising species often demonstrate that interspecific divergence is not genetic mapping reveals that these loci cluster, then it is sometimes inferred that these islands are 74 demarcating the region(s) of the genome that harbour the genes that were initially involved in the 75 speciation process (Turner et (Chapman et al., 2013 
MATERIALS AND METHODS
116
For this study an F2 population between S. aethnensis and S. chrysanthemifolius was generated 117 and a subset of the progeny was randomly selected for transcriptome sequencing. determined with 1000 permutations and were mapped onto LGs using MapChart.
190
RESULTS
191
Mapping Because it is possible that biased allelic expression in heterozygotes could lead to genotyping 232 errors from RNA-seq data resembling this pattern, we genotyped 16 markers from these three 233 TRD regions using DNAs from a subset of the F2 individuals that were used in the RNA-seq 234 genotyping (Table S2 ). This confirmed the RNA-seq based genotypes for all tested markers; hence 
295
QTL analysis of interspecific differences: Individuals of the parental species were significantly 296 different in ten of the 13 studied morphological traits (Table 1 ). The analysis resolved QTL for all 297 but one trait (D2F). Morphological QTL were found on only four of the 10 LGs, with one to five QTL 298 per trait (Fig. 6) . Effect sizes of the QTL were typically moderate (PVE 20-35%; Table 2 ).
299
Considerable overlap/clustering of QTL was uncovered; however in some cases this is likely due to Table   314 2). Minor necrosis QTL on LGs 1 and 7 were found to co-localise with other morphological QTL 315 (Fig. 6 ).
316
The marker loci closest to the peak of the LG4 major QTL were homozygous for the allele inherited ), and development of leaves, roots and floral organs, being 342 over-represented (Table S3) . After separation into the loci over-expressed (n = 592 loci) and x 10 -4 ). In contrast, much more drastic changes are seen in the down-regulated loci (Table S3) . Loci 348 involved in the structural constituents of the ribosome were highly over-represented (P = 2.9 x 10 -349 34 ), with > 6% of the DE loci and < 1% of the non-DE loci being categorised by this GO term. Other characterised by significantly reduced intra-species diversity (π in Fig. 5 ). This is consistent with 419 recent re-analysis of speciation islands in which low polymorphism and not high absolute 420 divergence was typically found for genomic regions previously identified as speciation islands 421 (Cruickshank & Hahn, 2014 We also found a strong negative correlation between F ST and distance from the closest outlier 425 locus, but only a weak correlation between d XY and distance (Fig. S5) , suggesting that F ST is not 426 independent of surrounding loci and adds to the growing evidence that F ST can be artificially 427 elevated in some regions of the genome due to reduced intraspecific genetic diversity (π)
428
(Cruickshank & Hahn, 2014) as was resolved here (Fig. 7) . We cannot therefore conclude that 429 strong divergent selection has given rise to the apparent speciation island-like clustering; this will LGs 1 and 6) were in regions of the genome harbouring morphological QTL, and outlier loci in 
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The genetics of hybrid breakdown: The presence of a major QTL for hybrid breakdown that did 467 not overlap any outlier markers suggests that, whilst there is selection for divergent morphologies, 468 hybrid breakdown does not appear to be increasing genomic divergence to the same extent. to DAF and SJH (NE/G017646/1).
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FIGURE LEGENDS
707 
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The complete map is displayed in Fig. S2 . chrysanthemifolius superimposed on the morphological/hybrid breakdown QTL map (Fig. 6 ).
746 Table S1 (.xls) -Numbers of sequence reads produced per individual.
747 Table S2 (.xls) -Primers used in the targeted genotyping and sequencing.
748 Table S3 (.xls) -GO terms over-represented in the differentially-expressed loci relative to the non- 751 Table 1 -Traits measured in the F2 mapping population. Asterisks denote traits that were square-root transformed before QTL analysis. Acronyms correspond to the trait codes used in the QTL figure (Fig. 2) 
